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ABSTRACT

Introduction: Subcutaneous galcanezumab was
an effective, well-tolerated preventive treatment
for adults with episodic (EM) or chronic
migraine (CM) in 4 phase 3 randomized con-
trolled trials: EVOLVE-1, EVOLVE-2, REGAIN,
and CONQUER. Number needed to treat (NNT)
and to harm (NNH) are metrics of effect size
used to evaluate benefit–risk profiles. This study
evaluated NNT, NNH, and benefit–risk profiles
(measured as likelihood to be helped or harmed,
LHH) of galcanezumab 120 mg versus placebo
in patients with EM or CM.

Methods: Primary efficacy outcomes were
responses defined as C 30%, C 50%, and C 75%
reductions from baseline in number of monthly
migraine headache days in patients with EM
(EVOLVE-1; EVOLVE-2; CONQUER) and CM
(REGAIN; CONQUER); corresponding NNTs to
achieve respective responses; and correspond-
ing NNHs for discontinuations due to adverse
events (DCAEs) among the safety population.
Secondary efficacy outcomes were responses for
patients with C 2 failed prior preventive treat-
ments due to lack of efficacy and/or for tolera-
bility reasons. All LHHs were based on C 50%
response and DCAEs.
Results: During double-blind treatment periods
with galcanezumab 120 mg, NNT to
achieve C 30% and C 50% responses ranged
from 4 to 10 and NNT to achieve C 75%
responses ranged from 5 to 23 in individual
trials. NNH ranged from 93 to 1000, while LHH
ranged from 18.6 to 104.6. NNTs were generally
more robust among patients with EM than with
CM; however, in patients with failure of C 2
prior preventive treatments, NNTs to
achieve C 30% and C 50% responses were simi-
lar between patients with CM and EM. NNHs
were imputed as 1000 for both migraine types.
Resulting LHHs were 178.8 (EM) and 127 (CM).
Conclusion: Across 4 trials, galcanezumab
120 mg demonstrated a favorable benefit–risk
profile versus placebo, based on low NNTs to
achieve response and high NNHs associated
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with DCAEs. LHH values consistently far
exceeded 1.
Trial Registration Numbers: EVOLVE-1: Clini-
calTrials.gov identifier, NCT02614183;
EVOLVE-2: ClinicalTrials.gov identifier,
NCT02614196; REGAIN: ClinicalTrials.gov
identifier, NCT02614261; CONQUER: Clini-
calTrials.gov identifier, NCT03559257.

Keywords: Benefit–risk profile; Chronic
migraine; Effect size; Galcanezumab; Episodic
migraine; Likelihood of help versus harm;
Number needed to treat; Number needed to
harm

Key Summary Points

Why carry out this study?

Migraine carries a high disease burden,
and, although analgesic use for acute
treatment of migraine is common, not all
patients who might benefit from
preventive therapy receive it.

Number needed to treat (NNT) and
number needed to harm (NNH) are
metrics of effect size that can be used to
evaluate benefit–risk profiles and may
help guide clinical decision-making.

This study evaluated the benefit–risk
profile of galcanezumab using number
needed to treat (NNT), number needed to
harm (NNH), and likelihood to be helped
or harmed (LHH), as calculated from the
phase 3 clinical trial program.

What was learned from the study?

Across 4 trials, galcanezumab treatment
demonstrated robust NNTs versus placebo
to achieve response and favorable NNHs
versus placebo associated with
discontinuations due to adverse events; in
combination, these findings suggest
galcanezumab is an effective preventive
treatment for both chronic and episodic
migraine with an excellent safety profile,
where the benefits outweigh the possible
risks associated with the drug.

More robust NNTs for galcanezumab
versus placebo were observed for patients
with episodic migraine (EM) than with
chronic migraine (CM) overall; however,
in patients with failure of C 2 prior
preventive treatments, the NNTs versus
placebo to achieve C 30% and C 50%
response were similar between patients
with EM and those with CM.

INTRODUCTION

Advances have recently been made regarding
specific interventions to migraine prophylaxis
which may carry efficacy and tolerability
advantages over older approaches. Quantifying
the benefit–risk can be challenging, particularly
for novel mechanisms of action that may be
unfamiliar to many practitioners. One such
therapeutic target implicated in the pathogen-
esis of migraine is the calcitonin gene-receptor
peptide (CGRP) [1]. Serum levels of CGRP are
elevated during a migraine attack [2, 3]. Gal-
canezumab is a humanized monoclonal anti-
body that binds to CGRP ligand and blocks its
binding to the receptor.

Initially, phase 2 studies of galcanezumab
were conducted in patients with episodic
migraine (EM) to establish proof of concept and
dose finding. Preliminary efficacy results from
the proof-of-concept study (vs. placebo, a sig-
nificant mean change from baseline in the fre-
quency of migraine headache days per 28-day
period when assessed at 9–12 weeks) supported
the likelihood of a role for CGRP in the patho-
genesis of migraine, as well as support for more
in-depth study of galcanezumab [4]. A later
phase 2b dose-finding study established that the
once-monthly administration of 120 mg gal-
canezumab significantly reduced the number of
migraine headache days compared with placebo
in patients with a history of migraine who
completed treatment, with good tolerability
and without any emergent safety issues [5].

Phase 3, double-blind, placebo-controlled
studies have shown that the CGRP monoclonal

Adv Ther (2021) 38:4442–4460 4443



antibodies approved in the United States and
other countries (erenumab [6–8], fre-
manezumab [9, 10], galcanezumab [11–13], and
eptinezumab [14, 15]) are efficacious in
decreasing the frequency of monthly migraine
headache days. Galcanezumab administered via
subcutaneous injection (a single 240-mg load-
ing dose, followed by 120-mg monthly doses)
has been effective and well tolerated for the
preventive treatment of EM and chronic
migraine (CM) in 4 phase 3 studies: EVOLVE-1
(NCT02614183), EVOLVE-2 (NCT02614196),
REGAIN (NCT02614261), and CONQUER
(phase 3b, NCT03559257) [16–19]. In all 4
studies, the most common treatment-emergent
adverse events (AEs) included injection site-re-
lated AEs (pain, erythema, pruritus, or swelling
at the injection site), nasopharyngitis, sinusitis,
upper respiratory tract infection, and influenza.

The objective of this study was to evaluate
the benefit–risk profile of galcanezumab using
number needed to treat (NNT), number needed
to harm (NNH), and likelihood to be helped or
harmed (LHH) [20, 21], as calculated from the
phase 3 clinical trial program.

METHODS

Data Sources

EVOLVE-1, EVOLVE-2, REGAIN, and CON-
QUER were 4 phase 3, multicenter, randomized,
double-blind, placebo-controlled studies of
adult patients with migraine [16–19]. The EM
studies (EVOLVE-1 [19] and EVOLVE-2 [18])
examined whether galcanezumab 120 mg or
240 mg per month was superior to placebo in
the preventive treatment of EM. In the CM
study, REGAIN [16], galcanezumab was exam-
ined at doses of 120 mg per month or 240 mg
per month, to see if it was superior to placebo in
the preventive treatment of CM. The CON-
QUER study [17] examined whether gal-
canezumab 120 mg was superior to placebo in
patients with treatment-resistant EM or CM.
Additional details related to these clinical trials
are provided in the published manuscripts for
these trials [16–19]. Key study design charac-
teristics and results from all 4 studies are

summarized in Table 1. The primary outcome of
all 4 studies was the overall mean change from
baseline in the number of monthly migraine
headache days during the double-blind treat-
ment period (6 months for EVOLVE-1 and -2,
and 3 months for REGAIN and CONQUER).

The protocols for each study were reviewed
and approved by the appropriate institutional
or ethical review board (IRB) for each site. All
studies described were conducted according to
Good Clinical Practice and the Declaration of
Helsinki guidelines. Patients provided written
informed consent before undergoing study
procedures. Adverse outcomes such as serious
AEs were reported to the sponsor, IRB, and
appropriate regulatory authority.

Outcome Measures

Primary efficacy outcomes for the present study
were the observed C 30%, C 50%, and C 75%
response rates based on reductions from base-
line in the number of monthly migraine head-
ache days in patients with EM (EVOLVE-1,
EVOLVE-2, and CONQUER) and patients with
CM (REGAIN and CONQUER); estimation of
corresponding NNTs to achieve C 30%, C 50%,
and C 75% response rates, respectively; and
estimation of corresponding NNHs for discon-
tinuations due to AEs among the safety popu-
lation. Secondary efficacy outcomes were the
estimation of C 30%, C 50%, and C 75%
response rates, as well as corresponding NNT
values to achieve the respective response rates,
and estimation of corresponding NNH values
for discontinuations due to AEs in patients in all
4 clinical trials who had failure of C 2 prior
preventive treatments versus placebo due to
lack of efficacy and/or for tolerability reasons.
LHH was defined as the ratio of NNH to NNT
and was calculated using raw (unrounded) NNT
and NNH values. The patient was considered
more likely to be helped than harmed if the
LHH was[1, and more likely to be harmed
than helped if the LHH was\1.
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Statistical Analysis

Patients’ demographic and disease characteris-
tics at baseline were reported using descriptive
statistics. Treatment comparisons were per-
formed using analysis of variance model for
continuous parameters and Fisher’s exact test
for categorical parameters at baseline.

In this post hoc analysis, NNT for efficacy
outcomes, C 30%, C 50%, and C 75% response
rates, NNH for tolerability outcome, and dis-
continuations due to AEs were calculated for
galcanezumab 120 mg and 240 mg versus pla-
cebo. The NNT or NNH is the inverse of the
absolute difference in the incidence of out-
comes between a given active treatment relative
to placebo group. NNT and NNH were each
rounded up to the next whole value. The pre-
cision around NNT and NNH was measured
with 95% confidence intervals (CIs) calculated
using the modified Wilson score method with-
out continuity correction [22]. If the lower
bound (LB) and upper bound (UB) of the 95%
CI for the incidence difference had the same
positive or negative sign (excluding 0), the 95%
CI of the NNT or NNH was the inverse of the UB
and LB of incidence difference. Otherwise, a
95% CI for the NNT or NNH was the union of
less than 1/LB and greater than 1/UB; in other
words (-?, - 1/LB) [ (1/UB, ??). In instan-
ces where the rate of the AE or discontinuation
because of an AE was greater with placebo than
with galcanezumab, resulting in a ‘‘negative’’
NNH, the NNH was redefined as having a value
of 1000 (representing an absolute risk increase
of 0.001, and with an incalculable 95% CI)
when determining the LHH, as has been done
in other reports of a similar nature [23].

The 95% CI for LHH was calculated using a
Bayesian approach with study summary data
treated as the observations and a non-informa-
tive prior. The observed number of patients that
achieved a response and the number of patients
that discontinued treatment due to an AE from
active treatment and placebo groups were
assumed to follow 4 distinct binomial distribu-
tions. The posterior distribution of the inci-
dence rate of an outcome from different
treatment groups were beta distributions. LHH,
a 2.5% LB and a UB of 95% CI were estimated

using Monte Carlo random sampling distribu-
tions. The 95% CIs of LHH were wide and
included zero because the incidence of discon-
tinuations due to AEs between galcanezumab
doses and the placebo group were very small
positive percentages and close to zero. There-
fore, the LHH value was reported but the cor-
responding 95% CI of LHH was not presented.

In this analysis, NNT for each specific effi-
cacy outcome and NNH for tolerability out-
come, and the respective 95% CIs, were
calculated for galcanezumab 120 mg versus
placebo (for galcanezumab 240 mg vs. placebo,
see Supplementary Material) for the individual
study for the overall population. The data were
also reported among patients with at least 2
prior preventive medication failures due to
inadequate efficacy or safety/tolerability in
6-month pooled EVOLVE-1 and -2, 3-month
REGAIN, or 3-month CONQUER, respectively.
In addition, the analysis was performed for
pooled EM data at month 3 for EVOLVE-1,
EVOLVE-2, and CONQUER studies, as well as
the pooled CM data from REGAIN and CON-
QUER studies. This is a post hoc exploratory
analysis and no formal hypothesis comparison
or test was conducted. A two-sided significance
level of 0.05 was considered. Statistical analyses
were conducted using SAS v.7.1 (SAS Institute,
Cary, NC, USA) and R v.3.6.3.

RESULTS

Patient Demographics and Disease
Characteristics

Baseline demographics and disease characteris-
tics were similar among patients with EM versus
those with CM (Table 2). Among the most
common pre-existing conditions (C 10% of
patients in EVOLVE-1 and/or CONQUER) were
hypertension, anxiety, depression, seasonal
allergy, drug hypersensitivity, back pain, gas-
troesophageal reflux disease, insomnia, and
myopia. Across all 4 studies, migraine burden
measured as the number of monthly migraine
headache days and disability scores measured
using the Migraine Disability Assessment
(MIDAS) were greater among CM patients.
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Patients in the REGAIN trial and patients with
CM in the CONQUER trial treated with gal-
canezumab 120 mg had 19.4 (4.3) and 19.2 (4.7)
mean (SD) monthly migraine headache days,
respectively; in comparison, all patients in
EVOLVE-1, all patients in EVOLVE-2, and
patients with EM in CONQUER treated with
galcanezumab 120 mg had 9.2 (3.1), 9.1 (2.9),
and 9.5 (3.0) mean monthly migraine headache
days, respectively. Mean (SD) MIDAS scores
among REGAIN patients and CONQUER
patients with CM treated with galcanezumab
120 mg were 62.5 (49.5) and 64.7 (56.2),
respectively; in comparison, mean MIDAS
scores among all patients in EVOLVE-1, all
patients in EVOLVE-2, and patients with EM in
CONQUER were 32.9 (28.2), 30.9 (27.9), and
41.3 (34.3), respectively.

A greater proportion of patients in REGAIN
(CM) than patients in EVOLVE-1 and -2 (EM)
also had treatment failure of C 2 prior preven-
tive treatments (Table 2). In CONQUER, the
entire patient population had treatment failure
of C 2 prior preventive treatments, 78% of
which were due to inadequate or no response.

Primary Analysis

Over the durations of the 4 trials (months 1–6
for EVOLVE-1/-2 and months 1–3 for REGAIN
and CONQUER), significantly higher percent-
ages of patients treated with galcanezumab
120 mg achieved C 30%, C 50%, and C 75%
responses versus patients who received placebo
[16–19].

The NNTs to achieve responses during the
double-blind treatment periods with gal-
canezumab 120 mg were generally robust (i.e.,
low values) in the individual trials (Table 3).
NNT (95% CI) values at month 6 in EVOLVE-1
and -2 ranged from 5 (4, 7) to 8 (5, 18). In
REGAIN, NNTs to achieve C 30% and C 50%
response at month 3 were 8 (5, 20) and 10 (6,
30), respectively; however, the NNT value to
achieve C 75% response at month 3 was 23
(-?, - 134) [ (12, ??). In CONQUER, NNTs
to achieve C 30%, C 50%, and C 75% responses
at month 3 were 4 (3, 5), 5 (4, 8), and 12 (8, 38),

respectively, for the overall study population
(Table 3).

NNH values based on discontinuations due
to AEs were high for galcanezumab 120 mg
across all 4 trials (Table 3). The NNH (95% CI)
values in EVOLVE-1 and EVOLVE-2 (patients
with EM) were 93 (-?, - 67) [ (22, ??) and
210 (-?, - 62) [ (29, ??), respectively. In
REGAIN (patients with CM), the NNH was 1000
(not evaluable [NE], NE). The overall NNH for
CONQUER was 232 (-?, - 80) [ (42, ??)
(Table 3).

All LHH values presented were based
on C 50% response and discontinuations due to
AEs. The LHH values for patients treated with
galcanezumab 120 mg were as follows:
EVOLVE-1: 18.6; EVOLVE-2: 46.4; REGAIN:
104.6; and CONQUER: 49.7.

Secondary Analysis

In all 4 trials, responses were achieved among
galcanezumab-treated patients with failures
of C 2 prior treatments due to lack of efficacy or
tolerability. Over the duration of each trial,
greater percentages of galcanezumab-treated
patients achieved C 30%, C 50%, and C 75%
responses versus patients who received placebo
(Table 4). Additionally, higher percentages of
patients with EM (EVOLVE-1 and -2 pooled;
CONQUER EM) than with CM (REGAIN; CON-
QUER CM) achieved C 30%, C 50%, and C 75%
responses (Table 5).

Effect Sizes Among Patients with Failure
of ‡ 2 Prior Preventive Treatments due
to Reasons of Efficacy and/or Tolerability

A subgroup analysis of patients who had expe-
rienced failure of C 2 prior preventive treat-
ments due to reasons of efficacy and/or
tolerability was conducted; this analysis focused
on subgroups of the patient populations in
EVOLVE-1 and -2 and REGAIN, while still
including the entire patient population from
CONQUER. Similarities in NNT values were
noted between patients with EM versus CM. In
the 2 pooled EVOLVE trials (EM patients), NNT
values for galcanezumab 120 mg to
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Table 3 The NNTs to achieve C 30%, C 50%, and C 75% response rates and the NNHs for discontinuations due to aes in
the individual trials

Outcome GMB 120 mg PBO NNT or NNH (95%CI) vs PBO

n N % n N %

EVOLVE-1,a Month 6

Efficacy NNT

C 30% response rate 143 177 80.8% 226 342 66.1% 7 (5, 14)

C 50% response rate 119 177 67.2% 161 342 47.1% 5 (4, 9)

C 75% response rate 87 177 49.2% 88 342 25.7% 5 (4, 7)

Tolerability NNH

Discontinuations due to AEs, all patients 7 206 3.4% 10 432 2.3% 93 (–?, –67) [ (22, ??)

EVOLVE-2,a Month 6

Efficacy NNT

C 30% response rate 155 196 79.1% 220 382 57.6% 5 (4, 7)

C 50% response rate 127 196 64.8% 163 382 42.7% 5 (4, 8)

C 75% response rate 76 196 38.8% 95 382 24.9% 8 (5, 18)

Tolerability NNH

Discontinuations due to AEs, all patients 5 226 2.2% 8 461 1.7% 210 (–?, –62) [ (29, ??)

REGAIN,b Month 3

Efficacy NNT

C 30% response rate 136 256 53.1% 202 498 40.6% 8 (5, 20)

C 50% response rate 90 256 35.2% 123 498 24.7% 10 (6, 30)

C 75% response rate 34 256 13.3% 44 498 8.8% 23 (–?, –134) [ (12, ??)

Tolerability NNH

Discontinuations due to AEs, all patients 1 273 0.4% 6 558 1.1% 1000 (NE, NE)

CONQUER,c Month 3

Efficacy NNT

C 30% response rate 136 224 60.7% 72 224 32.1% 4 (3, 5)

C 50% response rate 87 224 38.8% 39 224 17.4% 5 (4, 8)

C 75% response rate 33 224 14.7% 14 224 6.3% 12 (8, 38)

Tolerability NNH

4452 Adv Ther (2021) 38:4442–4460



achieve C 30%, C 50%, and C 75% responses
ranged from 4 (3, 7) to 5 (3, 22) (Table 4). NNT
values for galcanezumab 120 mg to
achieve C 30% and C 50% responses were simi-
larly low for patients with EM from the CON-
QUER trial; however, the NNT value for
galcanezumab 120 mg to achieve C 75%
response in CONQUER was 15 (-?,
- 81) [ (7, ??). Among patients with CM
treated with galcanezumab 120 mg in REGAIN
and CONQUER, NNT values were generally low
and the values to achieve each level of response
were similar, although they were higher for
the C 75% response in each trial than for
the C 30% and C 50% responses (Table 4).
When patients in CONQUER were stratified by
migraine type, NNT values to achieve C 30%
and C 50% responses at month 3 were 4 (3, 6)
and 6 (4, 11), respectively, for patients with EM
and 4 (3, 6) and 5 (3, 9), respectively, for
patients with CM; NNT values to achieve C 75%
response were 15 (-?, - 81) [ (7, ??) and 10
(6, 58) for patients with EM and CM, respec-
tively (Table 4).

In both pooled EVOLVE-1 and -2 (patients
with EM, month 6) and REGAIN (patients with
CM, month 3), NNH values based on C 50%
response and discontinuations due to AEs were
imputed as 1000 (NE, NE) for each, suggesting
galcanezumab 120 mg is highly tolerable for
patients with either migraine type. These find-
ings were further supported by the results of the
subanalysis of patients in CONQUER (all
patients with EM or CM who had failure of C 2
prior preventive treatments) at month 3: NNH
was not evaluable for patients with EM, and was

95 (-?, - 35) [ (18, ??) in patients with CM
(Table 4). Based on C 50% responses and dis-
continuations due to AEs, these findings resul-
ted in overall LHH values of 304.8 in EVOLVE-1
and -2 pooled, 160.6 in REGAIN, and 49.7 in
CONQUER.

3-Month Data from all 4 Trials Stratified
by Migraine Type (EM vs CM)

Overall NNTs for all tested response groups were
relatively low for all migraine patients; how-
ever, they were generally higher among patients
with CM than among those with EM (Table 5).
NNTs to achieve C 75% response were greatest
for patients with each migraine type (EM: 10 [7,
16]; CM: 19 [11, 109]). NNH values based
on C 50% response and discontinuations due to
AEs were similarly high for both migraine types,
and were imputed as 1000 (NE, NE) for each.
Based on C 50% response and discontinuations
due to AEs, these findings resulted in overall
LHH values of 178.8 for patients with EM and
127 for patients with CM.

Pooled 6-Month Data for EVOLVE-1
and EVOLVE-2

In the pooled EVOLVE-1 and EVOLVE-2 trials,
the NNT (95% CI) value for galcanezumab
120 mg to achieve C 50% response at month 6
was 4 (3, 7), and the NNH (95% CI) value was
imputed as 1000 (NE, NE) (Table 4). Based
on C 50% response and discontinuations due to
AEs, these findings resulted in an overall LHH

Table 3 continued

Outcome GMB 120 mg PBO NNT or NNH (95%CI) vs PBO

n N % n N %

Discontinuations due to AEs, all patients 1 232 0.4% 0 230 0% 232 (–?, –80) [ (42, ??)

AE adverse event, CI confidence intervals, CM chronic migraine, EM episodic migraine, GMB galcanezumab, N number of
patients in the analysis treatment group, n number of patients with each respective outcome, NE not evaluable,
NNH number needed to harm, NNT number needed to treat, PBO placebo
a Included patient population with EM; based on data from Month 6
b Included patients with CM; based on data from Month 3
c Included patient population with EM (58%) and CM (42%); based on data from Month 3

Adv Ther (2021) 38:4442–4460 4453



Table 4 The NNTs to achieve C 30%, C 50%, and C 75% response rates in patients with failure of C 2 prior preventive
treatments due to lack of efficacy and/or tolerability

Outcome GMB 120 mg PBO NNT or NNH (95%CI) vs PBO

n N % n N %

Pooled EVOLVE-1 and EVOLVE-2,a month 6

Efficacy NNT

C 30% response rate 31 49 63.3% 32 75 42.7% 5 (3, 22)

C 50% response rate 28 49 57.1% 20 75 26.7% 4 (3, 7)

C 75% response rate 18 49 36.7% 8 75 10.7% 4 (3, 9)

TOLERABILITY NNH

DCAE, all patients 0 51 0% 1 92 0.01% 1000 (NE, NE)

REGAIN,b month 3

Efficacy NNT

C 30% response rate 32 69 46.4% 40 167 24.0% 5 (3, 11)

C 50% response rate 21 69 30.4% 24 167 14.4% 7 (4, 29)

C 75% response rate 6 69 8.7% 5 167 3.0% 18 (–?, –28) [ (9, ??)

Tolerability NNH

DCAE, all patients 0 73 0% 2 177 1.1% 1000 (NE, NE)

CONQUER EM,a month 3

Efficacy NNT

C 30% response rate 85 136 62.5% 45 129 34.9% 4 (3, 6)

C 50% response rate 55 136 40.4% 27 129 20.9% 6 (4, 11)

C 75% response rate 22 136 16.2% 12 129 9.3% 15 (–?, –81) [ (7, ??)

Tolerability NNH

DCAE, all patients 0 137 0% 0 132 0% NE

CONQUER CM,b month 3

Efficacy NNT

C 30% response rate 51 88 58.0% 27 95 28.4% 4 (3, 6)

C 50% response rate 32 88 36.4% 12 95 12.6% 5 (3, 9)

C 75% response rate 11 88 12.5% 2 95 2.1% 10 (6, 58)

Tolerability NNH
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value of 304.8 across the 2 pooled trials at
month 6.

DISCUSSION

This analysis adds support to ongoing assertions
that NNT and NNH can be used to evaluate
benefit–risk profiles and help guide clinical
decision-making across a variety of specialty
areas and scenarios [24–29]. Although NNT and
NNH estimates are calculated by comparing
groups, ultimately the information is applied
when treating individuals, including the com-
munication of benefits and risks [30]. The phi-
losophy of evidence-based medicine/practice is
to integrate clinical data/judgment with rele-
vant scientific evidence and the patient’s own
individual values and preferences [31]. NNT and
NNH can inform the clinician about the
propensity for an agent to have a large or small
effect size on the outcome of interest, but it
cannot be taken out of context, such as patient
baseline, patient history, and patient
preference.

Across all 4 trials, galcanezumab demon-
strated a favorable benefit–risk profile compared
with placebo, as assessed by low NNT values to
achieve responses and high NNH values associ-
ated with discontinuations due to AEs, and thus
LHH values far exceeding 1. Overall, more
robust (i.e., lower) NNT values were observed for
patients with EM (all patients in EVOLVE-1 and
-2 and patients with EM in CONQUER) than for
those with CM (all patients in REGAIN and
patients with CM in CONQUER). NNT values to
achieve C 30% and C 50% responses in patients

with failure of C 2 prior preventive treatments
were similar between patients with CM and EM
for the galcanezumab 120-mg dose group.
Although the single discontinuation due to an
AE in CONQUER precluded the calculation of
meaningful NNH (and therefore LHH) values
when patients were stratified by migraine type,
the low NNT values and the low number of
discontinuations due to AEs observed in CON-
QUER do support positive benefit–risk profiles
for both migraine types.

The variation among NNT values may have
been due to differences in disease burden at
baseline (i.e., migraine headache days), and
differences among both NNT and NNH values
may have been due to the shorter treatment
duration associated with patients with CM ver-
sus those with EM (i.e., 3 vs. 6 months). In
addition, the percentages of patients who dis-
continued trials due to AEs were not signifi-
cantly higher for galcanezumab versus placebo
in any of the 4 trials, which makes the differ-
ence in NNH estimates highly variable.

LHH values based on C 50% response and
discontinuations due to AEs ranged from 18.6
to 104.6 across all individual studies. The
highest LHH value for galcanezumab 120 mg
was observed in REGAIN, a potential artifact of
the shorter double-blind study period (3 vs.
6 months in EVOLVE-1 and -2).

A benefit–risk assessment of several current
preventive treatments for migraine (erenumab,
topiramate, onabotulinumtoxinA, and propra-
nolol) found that each of these four drugs were
more likely to help than harm migraine
patients, and the benefit–risk profile for erenu-
mab was orders of magnitude more positive

Table 4 continued

Outcome GMB 120 mg PBO NNT or NNH (95%CI) vs PBO

n N % n N %

DCAE, all patients 1 95 1.1% 0 98 0% 95 (–?, –35) [ (18, ??)

CI confidence intervals, CM chronic migraine, DCAEs discontinuations due to adverse events, EM episodic migraine,
GMB galcanezumab, N number of patients in the analysis treatment group, n number of patients with each respective
outcome, NE not evaluable, NNH number needed to harm, NNT number needed to treat, PBO placebo
a Included patients with EM
b Included patients with CM
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than those calculated for topiramate, onabo-
tulinumtoxinA, and propranolol [23]. The dif-
ferences observed in LHH between erenumab
and topiramate, onabotulinumtoxinA, and
propranolol were primarily supported by large
differences in NNH; in other words, the tolera-
bility of erenumab appeared to be better than
the tolerability of topiramate, onabotulinum-
toxin A, and propranolol [23, reviewed in 32].

Drellia et al. recently conducted an LHH
analysis of anti-CGRP antibodies and frequently
used preventives for migraine [33]. Because
there are no head-to-head comparisons with
established treatments, their analysis helps to
compare the absolute differences in benefit–risk
ratios between drugs. Anti-CGRP antibodies at
all tested doses had higher LHH values than
propranolol or topiramate for EM prevention

and onabotulinumtoxinA or topiramate for CM
prevention [33]. These findings predict patient
satisfaction and a better adherence profile for
anti-CGRP antibodies. The results we describe
here are in line with the findings of Drellia et al.
regarding the NNT and NNH to achieve C 50%
response (C 50% reduction in migraine head-
ache days) and the resulting LHH of gal-
canezumab in EVOLVE-1/2 and REGAIN [33],
and we build on those findings by also evalu-
ating pooled EVOLVE-1/-2 results, CONQUER
results stratified by migraine type (EM vs. CM),
and pooled 3-month results from all 4 gal-
canezumab studies stratified by migraine type.
In addition, we have included analogous cal-
culations for the NNT values to achieve C 30%
and C 75% responses, and found that the NNTs
required to achieve all tested response levels

Table 5 The NNTs to achieve C 30%, C 50%, and C 75% response in migraine headache days and the NNHs for DCAEs
from pooled 3-month data from patients with episodic migraine (From EVOLVE-1/-2 and CONQUER) and chronic
migraine (From REGAIN and CONQUER)

Outcome GMB 120 mg PBO NNT or NNH (95%CI) vs PBO

n N % n N %

Episodic migraine: pooled EVOLVE-1, EVOLVE-2 and CONQUER EM, month 3

Efficacy NNT

C 30% response rate 370 543 68.1% 465 912 51.0% 6 (5, 9)

C 50% response rate 290 543 53.4% 324 912 35.5% 6 (5, 8)

C 75% response rate 160 543 29.5 168 912 18.4 10 (7, 16)

Tolerability NNH

DCAE, all patients 7 569 1.2% 14 1025 1.4% 1000 (NE, NE)

Chronic migraine: pooled REGAIN and CONQUER CM, month 3

EFFICACY NNT

C 30% response rate 187 344 54.4% 229 593 38.6% 7 (5, 11)

C 50% response rate 122 344 35.5% 135 593 22.8% 8 (6, 16)

C 75% response rate 45 344 13.1% 46 593 7.8% 19 (11, 109)

Tolerability NNH

DCAE, all patients 2 368 0.5% 6 656 0.9% 1000 (NE, NE)

CI confidence intervals, CM chronic migraine, DCAEs discontinuations due to adverse events, EM episodic migraine,
GMB galcanezumab, N number of patients in the analysis treatment group, n number of patients with each respective
outcome, NE not evaluable, NNH number needed to harm, NNT number needed to treat, PBO placebo

4456 Adv Ther (2021) 38:4442–4460



were similarly low, with the notable exception
of the NNT to achieve C 75% response in
REGAIN (patients with CM; NNT = 23).

Limitations

NNT and NNH values are subject to limitations.
Values can vary with baseline risk, length of
treatment, response threshold definitions, and
length of follow-up. In addition, regarding
NNH, if the treatment arm has a lower rate of
discontinuation than the placebo arm, it yields
a negative absolute risk reduction, and hence
results in a difficult to interpret ‘‘negative’’ NNH
value; arbitrarily assigning an NNH value of
1000 under these circumstances is a work-
around in order to estimate the LHH. Moreover,
for small event rate differences, 95% CI values
generally span infinity, and thus inherently the
NNH estimate would be imprecise. Because of
these limitations, NNT and NNH values (and
the LHH values calculated from them) should
be interpreted with caution, particularly across
trials and interventions. In the absence of direct
head-to-head studies, no definitive conclusions
regarding one treatment being better than
another should be drawn from reports of NNT
and NNH values across various studies. Analyses
are post hoc. Due to the nature of NNT/NNH
analysis, the data analyzed in this study are
limited to dichotomous outcomes. The results
may not be generalizable to patients outside the
confines of a clinical trial; this is always a con-
cern for results of randomized controlled trials
because of the strict inclusion/exclusion criteria
that these studies require. Reasons for clinical
trial discontinuation can be complex, so the
NNH for discontinuations due to AEs in the
study may not always generalize to overall tol-
erability in clinical practice. The brief durations
of the available controlled studies limit the
sensitivity of calculating NNH for delayed
adverse outcomes beyond 3–6 months, and the
relatively small sample sizes of the studies limit
sensitivity of calculating NNH for uncommon
adverse outcomes and sub-population effects.

CONCLUSIONS

Across 4 trials, in comparison to placebo gal-
canezumab showed robust NNTs to achieve
response rates and favorable NNHs associated
with discontinuations due to AEs. These find-
ings suggest galcanezumab is associated with an
advantageous benefit–risk profile. In patients
with failure of C 2 prior preventive treatments,
the NNTs to achieve C 30% and C 50% response
rates were similar between patients with CM
(REGAIN and CONQUER CM) and those with
EM (EVOLVE-1/2 and CONQUER EM) who
received a single loading dose of 240 mg gal-
canezumab followed by 120 mg monthly
thereafter (Table 4). More robust (i.e., lower)
NNTs were observed for patients with EM
(EVOLVE-1/2 and CONQUER EM) than for
those with CM (REGAIN and CONQUER CM)
(Table 5). The percentages of discontinuations
due to AEs were not statistically significantly
higher for galcanezumab versus placebo in the
EVOLVE-1/2, REGAIN, and CONQUER trials.

Therefore, this analysis shows galcanezumab
is an effective preventive treatment for both
chronic and episodic migraine with an excellent
safety profile, where the benefits outweigh the
possible risks associated with the drug.
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